METHOD AND APPARATUS FOR MODIFYING SURFACE 
OF CONTAINER MADE OF POLYMERIC COMPOUND 



The present application is based on Japanese Patent 
Applications No. 2000-156572 and 2001-029176, which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] 

The present invention relates to a method and apparatus 
for modifying the surface of a container made of a polymeric 
compound, andmore particularly relates to a method and apparatus 
for modifying the interior side surface of, for example, a PET 
(polyethylene terephthalate) container into a material having 
low permeability to gases, such as DLC (diamond-like carbon) . 
2> Description of the Related Art 

[0002] 

In recent years, PET containers are often used as 
containers for beverages because of their light weight, 
impact-resistance and resealability . 

Despite such features, the PET containers had a defect 
that they were permeated by oxygen and carbon dioxide. 
Accordingly, the PET containers were inadequate for use as 
containers filled with beer or carbonated beverages. Thus, 



the PET containers had a defect that they could not be used 
as containers for such beverages. 

Therefore, in the related art, apparatus and a method 
for coating the inner surface of a PET container with a hard 
carbon film has been proposed to solve the defect of the PET 
container (for example, Japanese Patent No. 2788412) . 

According to the apparatus and the method disclosed in 
the patent, only the inner surface of a PET container can be 
coated with a hard carbon film so that permeation of oxygen 
or carbon dioxide can be blocked by the hard carbon film. 

[0003] 

However, in the apparatus and the method disclosed in 
the patent, carbon-based gas as a raw material for the hard 
carbon film was supplied into the PET container, and plasma 
was then generated to make the carbon-based gas adhere to the 
interior side surface of the container so as to form the hard 
carbon film. In other words, the apparatus and the method 
disclosed in the patent was only a technique for coating the 
interior side surface of the container with the hard carbon 
filmwithout modifying the interior side surface of the container 
itself. 

Accordingly, when the PET container manufactured by the 
apparatus and the method disclosed in the patent was filled 
with a beverage, there was a fear that the hard carbon film 
with which the container was coated might peel off and get mixed 



into the beverage. Thus, there was a defect that the PET 
container was short of reliability as a container for beverage . 

SUMMARY OF THE INVENTION 
5 It is therefore an object of the invention to provide 

a container in which permeation of oxygen and carbon dioxide 
can be prevented or made difficult, while there is no fear that 
the interior side surface of the container peels off after the 
container is filled with a beverage, 
[|0 [0004] 

rp That is, according to the invention, there is provided 

?; I 

Pp amethod for modifying a surface of a container made of a polymeric 

is as.' 

in compound containing carbon, including the step of: implanting 
□ ions into the container so as to modify a surface layer of the 

ly 

ff6 container into a material that is not permeable by carbon dioxide 

P gas and oxygen or a material that is hard to be permeated by 
carbon dioxide gas and oxygen. 

Further, according to the invention, there is provided 
apparatus for modifying a surface of a container made of a 

20 polymeric compound including: a reception chamber which can 
receive the container while keeping airtightness; a vacuum pump 
for evacuating the reception chamber; a plasma generating unit 
for generating plasma in the reception chamber; an electrode 
inserted into the container received in the reception chamber; 

25 and a high voltage power source for applying high voltage pulses 



3 



to the electrode; wherein an interior side surface layer of 
the container received in the reception chamber is modified 
into a material that is not permeable by carbon dioxide gas 
and oxygen or a material that is hard to be permeated by carbon 
5 dioxide gas and oxygen. 
[0005] 

With such a configuration, the surface layer of the 
container made of a polymeric compound can be modified into 
a material that is not permeable by carbon dioxide gas and oxygen 
13 or a material that is hard to be permeated by carbon dioxide 
in gas and oxygen. Thus, it is possible to provide a polymeric 
'^p compound container which is not permeated or is hard to be 
in permeatedby carbon dioxide gas or oxygen. In addition, because 
'^J the surface layer of the container itself is modified, there 
is no fear that the modified surface layer peels off. 

Accordingly; it is possible to provide a polymeric 
compound container suitable for beer or carbonated beverage. 

Features and advantages of the invention will be evident 
from the following detailed description of the preferred 
20 embodiments described in conjunction with the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 
25 Fig. 1 is a sectional view showing a first embodiment 
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of the invention; 

Fig, 2 is a sectional view showing the first embodiment 
of the invention; 

Fig. 3 is an end view showing another state of a main 
portion shown in Fig. 2; 

Fig. 4 is a sectional view of a main portion of a PET 
container showing the state of the surface which has not yet 
been modified by the apparatus shown in Fig, 1 and the state 
of the surface which has been modified; 

Fig. 5 is a sectional view showing a third embodiment 
of the invention; 

Fig. 6 is a sectional view of a main portion taken on 
line VI-VI in Fig. 5; 

Fig. 7 is a sectional view showing a fourth embodiment 
of the invention; 

Fig. 8 is a sectional view showing a fifth embodiment 
of the invention; 

Fig. 9 is a sectional view of the fifth embodiment showing 
a state different from that in Fig. 8; 

Fig. 10 is a sectional view showing a sixth embodiment 
of the invention; and 

Fig. 11 is a sectional view of a main portion taken on 
line X-X in Fig. 10. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0006] 



The invention will be described below with respect to 
its embodiments shown in the drawings. In Figs. 1 to 3, a 
modifying apparatus 1 modifies the interior side surface of 
a PET container 2. 

5 This modifying apparatus 1 has a cup-like reception 

chamber 3 which can receive the PET container 2, a cover 4 for 
closing a top opening of the reception chamber 3, a tube-like 
electrode 5 provided in the cover 4, a coil 6 disposed in an 
inner circumferential portion of the reception chamber 3, and 
m a solenoid coil 7 disposed to surround the reception chamber 
W 3 and the coil 6. 

I The PET container 2 having a surface which will be modi f ied 

by the modifying apparatus 1 has an opening portion 2A at its 
I top, and a threaded portion 2B in the outer circumferential 
1| portion Of the top. A not-shown cap is screwed to the threaded 
f 3 portion 2B . The PET container 2 is transparent and colorless, 
and a plurality of annular pro j ect ions 2C are formed at required 
places of its body for the purpose of reinforcement. That is, 
the PET container 2 having a surface which will be modified 
20 by the modifying apparatus 1 is a general PET container known 
in the related art, and is designed so that liquid such as beverage 
is filled into the inside of the PET container 2 through the 
opening portion 2A. The PET conl:ainer 2 configured thus is 
supplied into the reception chamber 3 so that the opening portion 
25 2A faces upward. 
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[0007] 

The reception chamber 3 is made of a conductive material 
and formed into a cup-like shape with a wide mouth in the top 
portion. A suction port 3A is formed in a position close to 
5 the top portion. 

One end of a conduit 8 is connected to the suction port 
3A while the other end of the conduit 8 is connected to a vacuum 
pump 11. A normally closed electromagnetic on-off valve 13 
is provided in the middle of the conduit 8. The operation of 
Ip the electromagnetic on-off valve 13 is controlled by a control 

[n unit 14. 

fU 

When the electromagnetic on-off valve 13 is opened by 
^ the control unit 14, the reception chamber 3 is evacuated through 
y the conduit 8 and the suction port 3A. Incidentally, the 
l$j! reception chamber 3 made of a conductive material is electrically 
if, connected to a constant voltage body such as the ground. 

Next, the cover 4 is made of a conductive material formed 
into a disc-like shape. The cover 4 can be moved up and down 
above the reception chamber 3 by a not-shown elevatingmechanism. 
20 A through hole 4A is formed at a center portion of the cover 
4 , A support portion 5Aof the electrode 5 penetrates the through 
hole 4A slidably while keeping airtightness . The support 
portion 5A is formed out of a cylindrical insulating material, 
and fitted in a predetermined position of the electrode 5. 
25 Incidentally, an annular seal member 29 is planted in the outer 
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circumferential portion of the lower surface of the cover 4. 
Thus, when the cover 4 is mounted on the top opening portion 
of the reception chamber 3 to thereby close the reception chamber 
3, airtightness is kept between the top opening portion of the 
reception chamber 3 and the cover 4 . 

The electrode 5 is made of a conductive pipe, and 
electrically connected to a DC high voltage power source 15 • 
The upper end portion of the electrode 5 is made to project 
over the upper surface of the cover 4, One end of a conduit 
16 is connected to the upper end portion of the electrode 5. 
The other end of the conduit 16 is connected to a gas supply 
source 12. In this embodiment, argon gas is reserved in the 
gas supply source 12 . Anormally closed electromagnetic on-of f 
valve 21 is provided in the middle of the conduit 16. The 
operation of the electromagnetic on-off valve 21 is also 
controlled by the control unit 14, When the electromagnetic 
on-off valve 21 is opened by the control unit 14, argon gas 
is supplied into the reception chamber 3 from the supply source 
12 through the conduit 16. In such a manner, the electrode 
5 also serves as a gas introduction tube in this embodiment. 

[0008] 

As will be described later, the PET container 2 is received 
in the reception chamber 3 by a not-shown conveying mechanism 
in the state where the cover 4 is located in its rising limit 
position apart from the top of the reception chamber 3 by the 
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elevating mechanism. After that, the cover 4 is moved down 
to its falling limit position by the elevating mechanism so 
that the electrode 5 is inserted into the container 2 in the 
reception chamber 3. After that, the cover 4 is mounted on 
5 the top portion of the reception chamber 3 so as to close the 
top openingportion of the reception chamber 3 . In this airtight 
state, the reception chamber 3 is evacuated through the conduit 
8 , and argon gas is then supplied to the whole area of the internal 
space of the reception chamber 3 including the internal space 
ICQ of the PET container 2 through the conduit 16 and the electrode 

m 5. 

In addition, as shown in Fig. 2, in the state where the 
tfl top opening of the reception chamber 3 is closed by the cover 
^3 4, the support portion 5A of the electrode 5 is located on the 
15jJ interior side of the top opening portion 2A and the threaded 
^f; portion 2B of the PET container 2 . In this state, the electrode 
5 itself can be further lifted up by a predetermined distance 
relatively to the cover 4 by the elevating mechanism (Fig. 3) . 
In this state of Fig. 3, the support portion 5A made of an 
20 insulating material is located above the top opening portion 
2A of the PET container 2 . 

The operation of the DC high voltage power source 15 
connected to the electrode 5 is controlled by the control unit 
14. The high voltage power source 15 is designed to apply 
25 positive high voltage pulses to the electrode 5 when an operating 
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instruction is transmitted from the control unit 14 to the high 
voltage power source 15* 
[0009] 

Next, the coil 6 provided in the inner circumferential 
portion of the reception chamber 3 is electrically insulated 
from the reception chamber 3, The coil 6 is connected to a 
high frequency power source 18 ranging from several of MHz to 
several hundreds of MHz through a matching circuit 17 disposed 
outside the reception chamber 3. The operation of the high 
frequency power source 18 is also controlled by the control 
unit 14. The high frequency power source 18 is designed to 
apply a high frequency current ranging from several of MHz to 
several hundreds of MHz to the coil 6 when an operating 
instruction is transmitted from the control unit 14 to the high 
frequency power source 18. 

Further, the solenoid coil 7 disposed to surround the 
reception chamber 3 is connected to a not-shown power source. 
When an operating instruction is transmitted from the control 
unit 14 to the power source, the solenoid coil 7 is excited 
to generate a DC magnetic field. 

In this embodiment, a plasma generating unit for 
generating plasma is constituted by the coil 6, the matching 
circuit 17 and the high frequency power source 18. 

[0010] 

(Description of Operation) 



In the configuration described above, the interior side 
surface of the PET container 2 is modified through the following 
process by the modifying apparatus 1. 

That is, when the PET container 2 has not yet been received 
5 in the reception chamber 3, the cover 4 is retained in its rising 
limit position apart from and above the top portion of the 
reception chamber 3 by a not-shown elevating mechanism. In 
this state, the PET container 2 is conveyed to a position above 
the reception chamber 3 by a not-shown conveying mechanism and 
ipi then received in the reception chamber 3 (Fig. 1) . 
m Next, the cover 4 is moved down to its falling limit 

ru 

.,E position by the elevating mechanism. Thus, the electrode 5 
Iff is inserted into the PET container 2 through the opening portion 

□ 2A while the top opening portion of the reception chamber 3 

i y 

lS3 is made airtight by the cover 4 (Fig. 2) . 

III 

13 Next, the control unit 14 switches the power source for 

PH 

the solenoid coil 7 so as to make a current flow into the solenoid 
coil 7 and thereby excite the solenoid coil 7 . Thus, a magnetic 
field is generated all over the internal space of the reception 

20 chamber 3 receiving the PET container 2. 

Next, the control unit 14 opens the electromagnetic on-of f 
valve 13 for a predetermined period of time . Thus, the reception 
chamber 3 is evacuated through the conduit 8 so that the pressure 
in the internal space of the reception chamber 3 becomes lower 

25 than the atmospheric pressure. 
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Next, in this state, the control unit 14 opens the 
electromagnetic on-off valve 21 provided in the conduit 16 for 
a predetermined period of time. Thus, argon gas is introduced 
into the internal space of the PET container 2 through the conduit 
5 16 . That is, the argon gas intervenes between the spaces inside 
and outside the PET container 2 in the reception chamber 3. 
[0011] 

After that, the control unit 14 transmits an operating 
instruction to the high frequency power source 18 so that a 
1C3 high frequency current ranging from several of MHz to several 
U\ hundreds of MHz is applied from the high frequency power source 
j to the coil 6, Thus, plasma is generated in the reception chamber 
^ 3. 

s 

Jf; Further, in this state, the control unit 14 transmits 

15;-. an 'operating instruction to the high voltage power source 15 
ITi so that a series of positive high voltage pulses are applied 
from the high voltage power source 15 to the electrode 5, Thus, 
ions of the plasma interior the PET container 2 are implanted 
into its interior side surface. 
20 Here, because the PET container 2 is an insulator, the 

surface potential increases due to the ion charge-up during 
ion implantation . However, the surface is exposed to the plasma 
during the pause of the pulse . Thus, the surface is neutralized 
to recover its original potential. Then, ion implantation is 
25 carried out again until the next pulse. 
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Next, in this state, the electrode 5 is moved up by a 
predetermined height relatively to the cover 4 by the elevating 
mechanism (Fig. 3) . Then, high voltage pulses are applied to 
carry out ion implantation again. Accordingly, the support 
5 portion 5Aof the electrode 5 is supported above the top portion 
of the PET container 2. Thus, ions are also implanted surely 
into the interior side surface of the threaded portion 2B where 
the support portion 5A had been located. 

In this embodiment, ions are implanted thus into the whole 
IM area of the interior side surface of the PET container 2. 
P Accordingly, the material itself of the interior side surface 

f : s 

=F of the PET container 2 originally containing carbon are modified 
into DLC (diamond-like carbon) throughout (see Fig. 4) . That 

3 

if, is, in this embodiment, the original surf ace of the PET container 

iU 

15tf. 2 is not coated with DLC but the material itself of the surface 

if, of the PET container 2 is modified into DLC so that a DLC layer 

i y 

22 is formed all over the interior side surface as shown on 
the right of Fig. 4. 

Incidentally, in the work process, the electrode 5 does 
20 not always have to be moved up to the position in Fig. 3 from 
the position in Fig. 2 after ion implantation. 

When the work of modifying the surface of one PET container 
2 is completed in such a manner^ the cover 4 is moved up to 
its rising limit position by the elevating mechanism so as to 
25 open the reception chamber 3 and extract the electrode 5 from 
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the PET container 2. Incidentally, it is preferable that the 
cover 4 is not moved up directly in the state where the reception 
chamber 3 is closed, but moved up by the elevating mechanism 
after the reception chamber 3 is once made open to the atmosphere 

5 through the conduit 8. 

After that, the PET container 2 sub j ected to the treatment 
is extracted by a not-shown extracting mechanism, while a new 
PET container 2 is received in the reception chamber 3. Then, 
the interior side surface of the new PET container 2 is modified 
Ifg into a DLC layer 22 in the process described above. 

S [0012] 

As has been described above, in this embodiment, the whole 

Ul area of the interior side surface of the PET container 2 is 
modified into the DLC layer 22. Accordingly, it is possible 
to provide the PET container 2 which is transparent and colorless 
or slightly colored and which can prevent the permeation of 

f jj 

carbon dioxide gas and oxygen or is hard to be permeated by 
carbon dioxide gas and oxygen. It is therefore possible to 
provide the PET container 2 which is suitable not only as a 

20 container for general beverages such as mineral water but also 
a container for carbonated beverages such as beer. 

In addition, unlike the related art in which a DLC film 
is deposited on the interior side surface of a container 2 so 
that the interior side surface is coated with the DLC film, 

25 in this embodiment, the material itself of the interior side 
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surface of the PET container 2 is modified into DLC. Thus, 
there is no fear that the DLC layer 22 peels off. Accordingly, 
after liquid such as a beverage is filled up into the PET container 
2, there is no fear that pieces of peeled DLC are mixed into 
the liquid. It is possible to provide a safe container for 
beverage use. 

Further, the period of time required for forming the DLC 
layer 22 in the interior side surface of the PET container 2 
in this embodiment is one over several parts in the related-art 
technique in which the surface is coated with a DLC film. It 
is therefore possible to provide the modifying apparatus 1 and 
the modifying method fast in treatment speed. 

In addition, the PET container 2 having an interior side 
surface which has been modified according to this embodiment 
can be recycled throughout. Incidentally, although 
description in this embodiment has been made on the case where 
argon gas reserved in the gas supply source 12 is supplied into 
the reception chamber 3, hydrocarbon gas or nitrogen gas may 
be used in place of the argon gas. 

[0013] 

(Second Embodiment) 

Next, though not illustrated, the following 
configuration may be adopted as'^a second embodiment of the 
modifying apparatus 1. That is, the gas supply source 12, the 
conduit 16 and the electromagnetic on-of f valve 21 in the first 



embodiment shown in Figs. 1 to 3 may be omitted in the second 
embodiment, while the others are arranged similarly to those 
in the first embodiment. Incidentally, in the second 
embodiment, not a pipe-like one but a rod-like one is used as 
the electrode 5 . In this second eiabodiment, a plasma generating 
unit for generating plasma is constituted by the coil 6, the 
matching circuit 17 and the high frequency power source 18. 
In such a modifying apparatus 1 according to the second 
embodiment, treatment is carried out in the following process . 

That is, while the cover 4 and the electrode 5 are retained 
in their rising limit positions by an elevating mechanism, the 
PET container 2 is conveyed to a position above the reception 
chamber 3 by a not-shown conveying mechanism, and then received 
in the reception chamber 3. 

Next, the cover 4 is moved down to its falling limit 
position by the elevating mechanism. Thus, the electrode 5 
is inserted into the PET container 2 while the top opening portion 
of the reception chamber 3 is closed by the cover 4, 

At the same time, the control unit 14 switches the power 
source for the solenoid coil 7 so as to make a current flow 
into the solenoid coil 7 to thereby excite the solenoid coil 
7 . Thus, a magnetic field is generated in the reception chamber 
3. 

After that, the control unit 14 opens the electromagnetic 
on-off valve 13 for a predetermined period of time. Thus, the 



reception chamber 3 is evacuated . 

After that, the control unit 14 transmits an operating 
instruction to the high frequency power source 18 so that a 
high frequency current ranging from several of MHz to several 
hundreds of MHz is applied from the high frequency power source 
to the coil 6 . Thus , plasma is generated in the reception chamber 
3. 

Further, in this state, the control unit 14 transmits 
an operating instruction to the high voltage power source 15 
so that positive high voltage pulses are applied from the high 
voltage power source 15 to the electrode 5. Thus, ions of the 
plasma inside the PET container 2 are implanted into the PET 
container 2 from its interior side surface. 

Thus, the whole area of the interior side surface of the 
PET container 2 is modified into a DCL layer 22. 

Also in the second embodiment configured thus, it is 
possible to obtain functions and effects similar to those in 
the first embodiment. 

[0014] 

(Third Embodiment) 

Next, Figs. 5 and 6 show a third embodiment of the invention. 
In brief, in this third embodiment, a plurality of permanent 
magnets 25 are used in place of the solenoid coil 7 in the first 
embodiment, and a magnetron 26 is used in place of the coil 
6, the matching circuit 17 and the high frequency power source 
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18 likewise. 

That is, in the reception chamber 3 in the third embodiment, 
a flange portion 3C is formed in a bottom outer circumferential 
portion of a cylindrical body portion. A quartz sheet is 
superposed on the lower surface of the flange portion 3C. A 
bottom surface 3B of the reception chamber 3 is constituted 
by the quartz sheet. In addition, in this state, a flange-like 
connection portion 27A formed on the side of a waveguide 27 
is fitted to the outer circumferential portions of the quartz 
sheet (bottom surface 3B) and the flange portion 3C. Thus, 
the reception chamber 3 and the waveguide 27 are connected. 
Incidentally, an annular seal member 28 is provided between 
the flange portion 3C and the quartz sheet as the bottom surface 
3B so as to keep airtightness between these two members. 

Then, the magnetron 2 6 is connected to the other end of 
the waveguide 27 while keeping airtightness. The operation 
of the magnetron 26 is also controlled by the control unit 14. 
When the magnetron 26 is operated by the control unit 14, a 
microwave of 2.45 GHz is supplied into the reception chamber 
3. 

Next, in this embodiment, in the outer circumferential 
portion of the reception chamber 3, the rod-like permanent 
magnets 25 are disposed at even pftches in the circumferential 
direction. Here, the permanent magnets 25 adjacent to each 
other are disposed so that magnetic poles in contact with the 
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outer circumferential surface of the reception chamber 3 are 
different from each other. Thus, in the third embodiment, a 
magnetic field is always formed near the inner circumferential 
portion of the reception chamber 3 close to these permanent 

5 magnets 25 by the permanent magnets 25. 

Further, in this embodiment, an annular seal member 29 
is attached to the outer circumferential portion of the lower 
surface of the cover 4. When the top opening of the reception 
chamber 3 is closed by the cover 4, the airtightness between 
iffl the cover 4 and the top opening portion of the reception chamber 
3 is kept by the seal member 29. In the third embodiment, a 

;H plasma generating unit for generating plasma is constituted 

sat? 

by the waveguide 27 and the magnetron 26. 

The other configuration is the same as that in the first 
lii embodiment, and detailed description thereof will be therefore 
?n omitted. 

[0015] 

(Description of Operation of Third Embodiment) 

The surface of the PET container 2 is modified in the 
20 following manner by the modifying apparatus 1 configured thus 
according to the third embodiment. 

That is, in the state where the cover 4 and the electrode 
5 are retained in their rising limit positions by a not-shown 
elevatingmechanism, the PET container 2 conveyedby a not-shown 
25 conveying mechanism is received in the reception chamber 3. 
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Next, the cover 4 is moved down to its falling limit 
position by the elevating mechanism. Thus, the electrode 5 
is inserted into the PET container 2 through the opening portion 
2A while the top opening portion of the reception chamber 3 
is made airtight by the cover 4 (Fig, 5) , 

Because a magnetic field is formed in the inner 
circumferential portion of the reception chamber 3 by the 
plurality of permanent magnets 25, magnetic force by the 
permanent magnets 25 also acts on the PET container 2 received 
in the reception chamber 3 . 

Next, the control unit 14 opens the electromagnetic on-of f 
valve 13 for apredetermined period of time . Thus, the reception 
chamber 3 is evacuated through the conduit 8 so that the pressure 
in the internal space of the reception chamber 3 becomes lower 
than the atmospheric pressure. 

Next, in this state, the control unit 14 opens the 
electromagnetic on-of f valve 21 provided in the conduit 16 for 
a predetermined period of time. Thus, argon gas is introduced 
into the internal space of the PET container 2 through the conduit 
1 6 . That is, the argon gas intervenes between the spaces inside 
and outside the PET container 2 in the reception chamber 3. 
Incidentally, the pressure in the reception chamber 3 at this 
time is not higher than the atmospheric pressure. 

After that, the control unit 14 operates the magnetron 
2 6 so that a microwave of 2 . 45 GHz is supplied from the magnetron 



26 toward the bottom surface 3B of the reception chamber 3. 
Thusy the microwave is supplied into the reception chamber 3 
so that plasma is generated in the argon gas in the reception 
chamber 3, 

Further, in this state, the control unit 14 transmits 
an operating instruction to the DC high voltage power source 
15 so that positive high voltage pulses are applied from the 
high voltage power source 15 to the electrode 5. Thus, ions 
of the plasma inside the PET container 2 are implanted into 
its interior side surface- 

Incidentally, if necessary, after the electrode 5 is then 
moved up by a predetermined height relatively to the cover 4 
by the elevating mechanism, an operating instruction may be 
transmitted again to the high voltage power source 15, Thus, 
ions are implanted into the interior side surface of the PET 
container 2 again. 

Also in the third embodiment configured thus, it is 
possible to obtain functions and effects similar to those in 
the first embodiment. 

[0016] 
(Forth Embodiment) 

Next, Fig, 7 shows a fourth embodiment of the invention. 
In brief, in this fourth embodiment, a waveguide 27 and a 
magnetron 2 6 are used in place of the coil 6, the matching circuit 
17 and the high frequency power source 18 in the first embodiment . 



That is, in the fourth eiubodiment, one end of the waveguide 
27 is connected to the upper surface center portion of the cover 

4 made of a conductive material . The top portion of the electrode 

5 is designed to penetrate the waveguide 27 while keeping 

5 airtightness, so as to project upward. An end portion of the 
conduit 16 is connected to the top portion of the electrode 
5. The magnetron 26 similar to that in the third embodiment 
is connected to the other end of the waveguide 27 while keeping 
airtightness. The operation of the magnetron 26 is also 
IfU controlled by the control unit 14. When the magnetron 26 is 
pfi operated by the control unit 14, a microwave is supplied toward 
,E the bottom surface 3B of the reception chamber 3. 
in In the fourth embodiment, the end portion of the waveguide 

□ 27 is connected to the cover 4 . Therefore, a not-shown elevating 
133 mechanism moves up the cover 4, the electrode 5 and the waveguide 
O 27. 

Further, in this embodiment, an annular seal member 29 
is attached to the outer circumferential portion of the lower 
surface of the cover 4. When the top opening of the reception 

20 chamber 3 is closed by the cover 4, the airtightness between 
the cover 4 and the top opening portion of the reception chamber 
3 is kept by the seal member 29. In the fourth embodiment, 
a plasma generating unit for generating plasma is constituted 
by the waveguide 27 and the magnetron 26. 

25 The other configuration is the same as that in the first 
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embodiment, and detailed description thereof will be therefore 
omitted. 

[0017] 

(Description of Operation of Fourth Embodiment) 

5 The surface of the PET container 2 is modified in the 

following manner by the modifying apparatus 1 configured thus 
according to the fourth embodiment. 

That is, in the state where the cover 4, the electrode 
5 and the waveguide 27 are retained in their rising limit 
mi positions by a not-shown elevating mechanism, the PET container 
kM 2 conveyed by a not- shown conveying mechanism is received in 
^ the reception chamber 3 , 

Next, the cover 4 and so on are moved down to their falling 
^f- limit positions by the elevating mechanism. Thus, the 
1$^^ electrode 5 is inserted into the PET container 2 through the 
Jr: opening portion 2A while the top opening portion of the reception 
chamber 3 is made airtight by the cover 4 (Fig. 7) . 

At the same time, the control unit 14 switches the power 
source for the solenoid coil 7 so as to make a current flow 
20 into the solenoid coil 7 to thereby excite the solenoid coil 
7. Thus, a magnetic field is formed in the reception chamber 
3. 

Next, the control unit 14 opens the electromagnetic on-of f 
valve 13 for apredeterminedperiodof time . Thus, the reception 
25 chamber 3 is evacuated through the conduit 8 so that the pressure 
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in the internal space of the reception chamber 3 becomes lower 
than the atmospheric pressure. 

Next, in this state, the control unit 14 opens the 
electromagnetic on-off valve 21 provided in the conduit 16 for 
a predetermined period of time. Thus, argon gas is introduced 
into the internal space of the PET container 2 through the conduit 
16. That is, the argon gas intervenes between the spaces inside 
and outside the PET container 2 in the reception chamber 3. 
Incidentally, the pressure in the reception chamber 3 at this 
time is not higher than the atmospheric pressure. 

After that, the control unit 14 operates the magnetron 
2 6 so that a microwave is supplied from the magnetron 2 6 toward 
the cover 4. Thus, plasma is generated in the argon gas in 
the reception chamber 3. 

Further, in this state, the control unit 14 transmits 
an operating instruction to the DC high voltage power source 
15 so that positive high voltage pulses are applied from the 
high voltage power source 15 to the electrode 5. Thus, ions 
in the plasma on the interior side of the PET container 2 are 
implanted into the PET container 2 from its interior side 
surface . 

Incidentally, if necessary, after the electrode 5 is then 
moved up by a predetermined heiglit relatively to the cover 4 
by the elevating mechanism, an operating instruction may be 
transmitted again to the high voltage power source 15. Thus, 



ions are implanted into the interior side surface of the PET 
container 2 again. 

Also in the fourth embodiment configured thus, it is 
possible to obtain functions and effects similar to those in 
5 the first embodiment. 
[0018] 

(Fifth Embodiment) 

Next, Figs. 8 and 9 showa fifth embodiment of the invention. 
In the fifth embodiment, the coil 6, the matching circuit 17 
Iffi and the high frequency power source 18 in the first embodiment 
|: are therefore omitted. The other configuration is the same 
Jrj as that in the first embodiment/ anddetailed description thereof 
'J- will be omitted. In the fifth embodiment, the high voltage 
power source 15 is also used as a plasma generating unit for 
l|^ generating plasma. In the fifth embodiment, the surface of 
fy the PET container 2 is modified in the following manner. 

That is, in the state where the cover 4 and the electrode 
5 are retained in their rising limit positions by a not-shown 
elevating mechanism, the PET container 2 conveyed by a not-shown 
20 conveying mechanism is received in the reception chamber 3. 

Next, the cover 4 is moved down to its falling limit 
position by the elevating mechanism. Thus, the electrode 5 
is inserted into the PET container'2 through the opening portion 
2A while the top opening portion of the reception chamber 3 
25 is made airtight by the cover 4 (Fig. 8) . 
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At the same time, the control unit 14 switches the power 
source for the solenoid coil 7 so as to make a current flow 
into the solenoid coil 7 to thereby excite the solenoid coil 
7. ThuS/ a magnetic field is formed in the reception chamber 
3. 

Next, the control unit 14 opens the electromagnetic on-of f 
valve 13 for apredeterminedperiodof time . Thus, the reception 
chamber 3 is evacuated through the conduit 8 so that the pressure 
in the internal space of the reception chamber 3 becomes lower 
than the atmospheric pressure. 

Next, in this state, the control unit 14 opens the 
electromagnetic on-of f valve 21 provided in the conduit 16 for 
a predetermined period of time. Thus, argon gas is introduced 
into the internal space of the PET container 2 through the conduit 
1 6 , That is , the argon gas intervenes between the spaces inside 
and outside the PET container 2 in the reception chamber 3. 
Incidentally, the pressure in the reception chamber 3 at this 
time is lower than the atmospheric pressure. 

After that, the control unit 14 transmits an operating 
instruction to the DC high voltage power source 15 so that 
positive high voltage pulses are applied from the high voltage 
power source 15 to the electrode 5. Thus, at the same time 
that plasma is generated on the interior side of the PET container 
2, ions in the generated plasma are implanted into the PET 
container 2 from its interior side surface. As a result, the 



interior side surface of the PET container 2 is modified into 
DLC. 

Incidentally, if necessary, after the electrode 5 is then 
moved up by a predetermined height relatively to the cover 4 

5 by the elevating mechanism, an operating instruction may be 
transmitted again to the high voltage power source 15. Thus, 
as soon as plasma is generated on the interior side of the PET 
container 2 again, ions are implanted into the interior side 
surface of the PET container 2 again. 
Iffl Also in the fifth embodiment configured thus, it is 

CP possible to obtain functions and effects similar to those in 

2^ the first embodiment. 

is? 

^ [0019] 

(Sixth Embodiment) 

ife Next, Figs. 10 and 11 show a sixth embodiment of the 

^ invention. In the sixth embodiment, the solenoid coil 7 in 

the fourth embodiment shown in Fig. 7 is omitted, and in place 

of the solenoid coil 7, a plurality of permanent magnets 25 

are provided. 

20 That is, in the sixth embodiment, in the inner 

circumferential portion of the electrode 5 lower than the support 
portion 5A, rod-like permanent magnets 25 are disposed at even 
pitches in the circumferential direction. As shown in Fig. 
11, the permanent magnets 25 adjacent to each other are disposed 

25 so that the positions of magnetic poles in contact with the 
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inner circumferential surface of the electrode 5 are different 
from each other. Thus, in the sixth embodiment, a magnetic 
field is always formed in the electrode 5 itself by the plurality 
of permanent magnets 25, The other configuration is the same 
5 as that in the fourth embodiment shown in Fig. 7, and detailed 
description thereof will be therefore omitted, 

(Description of Operation of Sixth Embodiment) 

The surface of the PET container 2 is modified in the 
following manner by the modifying apparatus 1 configured thus 
iffl according to the sixth embodiment. 

a 

U5 That is, in the state where the cover 4, the electrode 

j 5 and the waveguide 27 are retained in their rising limit 
positions by a not-shown elevating mechanism, the PET container 
2 conveyed by a not-shown conveying mechanism is received in 
ifc the reception chamber 3. 

Next, the cover 4 and so on are moved down to their falling 
limit positions by the elevating mechanism. Thus, the 
electrode 5 is inserted into the PET container 2 through the 
opening portion 2A while the top openingportion of the reception 
2 0 chamber 3 is made airtight by the cover 4 (Fig. 10) , 

By the plurality of permanent magnets 25, a magnetic field 
is formed in the electrode 5 inserted into the reception chamber 
3. 

After that, the control unit 14 opens the electromagnetic 
25 on~off valve 13 for a predetermined period of time. Thus, the 
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reception chamber 3 is evacuated through the conduit 8 so that 
the pressure in the internal space of the reception chamber 
3 becomes lower than the atmospheric pressure. 

Next, in this state, the control unit 14 opens the 
electromagnetic on-off valve 21 provided in the conduit 16 for 
a predetermined period of time. Thus, argon gas is introduced 
into the internal space of the PET container 2 through the conduit 
16 . That is, the argon gas intervenes between the spaces inside 
and outside the PET container 2 in the reception chamber 3. 
Incidentally, the pressure in the reception chamber 3 at this 
time is not higher than the atmospheric pressure. 

After that, the control unit 14 operates the magnetron 
26 so that a microwave is supplied from the magnetron 26 toward 
the cover 4. Thus, plasma is generated in the argon gas in 
the reception chamber 3. 

Further, in this state, the control unit 14 transmits 
an operating instruction to the DC high voltage power source 
15 so that positive high voltage pulses are applied from the 
high voltage power source 15 to the electrode 5, Thus, ions 
in the plasma on the interior side of the PET container 2 are 
implanted into the PET container 2 from its interior side 
surface . 

Incidentally, after the electrode 5 is then moved up by 
a height equal to the vertical length of the support portion 
5A relatively to the cover 4 by the elevating mechanism, an 



operating instruction may be transmitted again to the high 
voltage power source 15. Thus, ions are implanted into the 
PET container 2 from its interior side surface again. 

Also in the sixth embodiment configured thus, it is 
possible to obtain functions and effects similar to those in 
each of the previously described embodiments. 

[0020] 

As has been described above, according to the invention, 
it is possible to obtain an effect that the surface layer of 
a container made of a polymeric compound can be modified into 
a material that is not permeable by carbon dioxide gas and oxygen 
or into a material that is hard to be permeated by carbon dioxide 
gas and oxygen. 

Although the invention has been described in its preferred 
form with a certain degree of particularity, it is understood 
that the present disclosure of the preferred form can be changed 
in the details of construction and in the combination and 
arrangement of parts without departing from the spirit and the 
scope of the invention as hereinafter claimed. 



